Abstract. We investigate the behavior of maps in minimal injective resolution of an A-module M when µt(m, M ) = 1 for some t, and we develop slightly the fact that a module of type 1 is Cohen-Macaulay.
Introduction
All rings (A, m) we consider in this paper are assumed to be Noetherian local, and all modules are assumed to be finite and unital.
Let M be a finitely generated module of dimension d over a Noetherian local ring (A, m). The i-th Bass number of M at a prime ideal p of A, denoted µ i (p, M ), is defined to be dim k(p) Ext It is well known ( [2] ) that Cohen-Macaulay rings A with r(A) = 1 are Gorenstein. Vasconcelos ([13] ) conjectured that the condition r(A) = 1 is sufficient for A to be Gorenstein, i.e., the condition "A is Cohen-Macaulay" can be omitted. In [4] , Foxby proved this conjecture for essentially equicharacteristic rings using a version of the Intersection Theorem. The conjecture was proven in general by Roberts ([12] ): he showed that local rings of type one are CohenMacaulay, (and hence Gorenstein) using a minimal free resolution of a dualizing complex.
The purpose of this article is to develop slightly the above fact using the behavior of maps in minimal injective resolutions.
In the next section, we first investigate the behavior of maps in minimal injective resolution (I
• , φ • ) of a module M when the t-th Bass number µ t (m, M ) = 1. More precisely, we prove that when µ t (m, M ) = 1 for some positive integer t and p is any prime ideal with dim
either every entry of f t−1 , or every entry of f t is contained in p where f i is a restriction map of φ i to E(A/m) µ i (m) for each i, and (2) if µ t−1 (p, M ) = 0, then every entry of f t−1 is contained in p. From this fact and New Intersection Theorem, we can prove that if µ t (q, M ) = 1 for some q ∈ Supp(M ) and some t ≤ dim M q , then µ j (q, M ) = 0 for all j < t. As a result of this theorem, the well-known fact ( [12] ) that 'a ring of type 1 is Gorenstein' can be obtained obviously.
Main theorem
In this section, we investigate the behavior of maps in minimal injective resolution of an A-module M when µ t (m, M ) = 1 for some t, and then using this and the New Intersection Theorem, we prove Theorem 2.5, from which we obtain the old theorem: 'The module of type 1 is Cohen-Macaulay'.
We first recall the definition of 
. The following fact is well-known, and its proof is elementary: Fact 2.1. For prime ideals p and q of a Noetherian local ring A,
In a minimal injective resolution (I
• , φ • ) of M , let f i be a restriction map of φ i to E(A/m) µi(m) for each i. For a fixed p ∈ Supp(M ) such that dim M p = d − 1,
by applying Hom(A/p, •) to I
• and using Fact 2.1, we have a complex of injective A/p-modules:
With the notations described above, we have Proposition 2.3 below, which shows that there is some restriction on the maps of f i . The proof of the proposition uses the following fact: [6] ). Let M be a finitely generated A-module. Suppose ht(q/p) = 1 for prime ideals p and q. Then we have 
T , where r = µ t−1 (m, M ), and (−) T denotes the transpose matrix.
For the part (1), suppose that a i = 0, i.e., a i / ∈ p for some i. Then
is also surjective, and so f t must be a zero map since Hom(A/p, I
• ) is a complex, i.e., every entry of f t is contained in p.
For the part (2), suppose that 
i.e., Proof. Let q be a prime ideal of ht(m/q)=1. Since A is a catenary domain, we know ht(q) = d − 1. Then M q = 0 by assumption, which concludes that Supp(M ) = {m}. Hence M has a finite length.
To prove the main theorem in this section, the New Intersection Theorem is used: Now we have the main theorem.
Theorem 2.5. Let (A, m, k) be a Noetherian local ring of dimension n and M a finitely generated
Proof. Localizing at q, we may assume that q = m. As usual, we may also assume that A is complete since µ i (m, M ) = µ i (m,M ). We use an induction on the dimension of M . If dim M = 0, then we are through. Now suppose that dim M = d > 0 and t ≤ d. We will construct a non-exact complex of free modules with homologies of finite length so that we apply the New Intersection Theorem to complete the proof. As in the proof of Proposition 2.3, let
be a minimal injective resolution of M , where
. Suppose that every entry of f t−1 is contained in p for all prime ideals p with dim
By applying
We note that the i-th homology of 
We note that depth
, and so we have the following truncated exact sequence:
Since an exact sequence F i<t ⊗A p splits, Im (f t−1 ) p is free. By the assumption, i.e., each element of f t−1 belongs to p, Im (f t−1 ) p must be 0. Now let us choose a minimal prime q ∈ Supp(M ) such that dim A/q = dim M = d. We note that A/q, denoted by A, is a complete local domain. Let us consider the following non-exact complex of free modules:
where the last term is 0 since an exact sequence Now suppose that there is a prime ideal p with dim M p = d − 1 such that some entry of f t−1 does not belong to p. Then by Proposition 2.3(1), every entry of f t is contained in p. We note that depth M p ≥ t since µ t−1 (p, M ) = 0 by Proposition 2.3(2). We also note that t < d = dim M since if t = d, then by Proposition 2.3(2), each entry of f t−1 is contained in p, which contradicts the assumption.
